In this paper we adopt stochastic dominance techniques in order to examine the performance of rural India, urban India, female headed households and backward caste households in terms of poverty, inequality and welfare. We have used National Sample Survey data on consumer expenditure 66th round and 61 st round for the reference period of 2009-2010 and 2004-2005 respectively. Using scale adjusted expenditure we find for all the subgroups, poverty has decreased. Using these techniques we observe that among the social groups schedule caste and schedule tribe households are the most deprived groups. Empirical results shows that economies of scale plays an important role in the comparision of male and female headed households.
Introduction
The improvement of a society in terms of poverty inequality and welfare is often based on complete ordering of various income profiles. However, conclusions based on these approaches often vary with the choice of types of indices and the parameters used to compute those indices. Statements about whether poverty or inequality is increasing or decreasing, or whether governments are doing good jobs in this respect, are the basic ingredients in many political debates. Another debate focusses on finding the vulnerable subgroup of population.
Considering the empirical literature of poverty in India researchers pointed out that scheduled castes (SC) and scheduled tribes (ST) households 1 are the most vulnerable class so far poverty situation is concerned. Sundaram et al [10] investigates the prevelance, depth and severity of poverty in both rural and urban India in the 1990s and finds that poverty is higher among SC and ST households. Meenakshi et al [7] also finds similar results for SC, ST households using NSSO 55 th round data. The poverty rate for these households are also higher in the major states of India. The paper also focusses on poverty among female headed households (FHH) and finds higher than male headed households(MHH) becomes apparent only when demographically adjusted measures are used. Dreze et al [6] examines the relationship between widowhood and poverty in rural India. The study also focuses on female headed households and the findings of the paper are quite similar to that of Meenakshi et al [7] . However, the paper checks the results for a variety of poverty lines, and also checks for various possible equivalent scales and coefficients for scale economies.
In this paper an attempt is made to shed some lights on the rural and urban female headed and the SC and ST households using stochastic dominance techniques. We would like to address whether poverty of these subgroups has decreased over time using recent NSSO 66 th and 61 st round (for the reference period of 2009-2010 and 2004-2005 respectively) household consumer expenditure data. Thus our approach is similar to Dreze et al [6] for the of robustness of the poverty line. However, we would also like to extend the analysis for some higher order dominance whenever we get some inconclusive results. We have also used Kolmogorov-Smirnov(KS) type test statistics as suggested by Barret et al [2] to test whether stochastic dominance of one distribution holds or not.
In section 2 of this paper we provide a brief preliminaries of the literature related to that of stochastic dominance. In section 3 we present a brief review of KS test statistics and in section 4 we present the type of scale economies. In section 5 we present a brief discussions of the NSSO data. The empirical illustration is provided in section 6. The concluding part of the paper highlights the main empirical results.
Preliminaries
Consider F t (y) as the cumulative distribution function (CDF) of income at time point t, where
Definition 1: Stochastic dominance : Given two income distributions F t and F t−1 at time point t and t-1 both defined on the same domain [0, ∞) we say that F t stochastically dominates (SD) F t−1 by r+1 th order/degree (F t r+1 ] and > for at least one p. The stochastic dominance criterion are nested in the sense that lower order SD/ISD implies higher order. However, the reverse may not be true. Following Zoli [11] SD implies ISD and vice versa for r ≤ 2.
Stochastic Dominance −→ Poverty, inequality, welfare and Pro-poor growth
Poverty analysis has often been carried out by fixing an arbitrarily given poverty line. While comparing poverty between two countries or between two periods the ranking may change as a result of change in the poverty line. The ranking may also give some ambiguous result as a result of change of the poverty index. In order to rule out this inconsistencies Atkinson [1] in his seminal paper relates poverty ordering to that of stochastic dominance. He shows in that paper: if there exists a first order stochastic dominance of one distribution over the other poverty would decrease for any poverty index which is continuous in income profiles and non-increasing in income. Foster et al [5] propose poverty ordering condition and show relationship between Foster Greer Thorbecke(FGT) index [3] and stochastic dominance.
Considering the FGT index of Poverty P α =
, with P 1 as the Head count ratio, P 2 as the income gap measure and P 3 as the squared Poverty gap measure. The poverty ordering condition as proposed by Foster et al [5] F(P α )G i f f F α G. These implies if F stochastically dominates G by α order then for any poverty line poverty in F is lower than that of G provided one considers P α as the poverty index.
Stochastic dominance condition may also be related to that of welfare dominance. Consider U as the class of social welfare function of the form U(F) = z 0 u(x)dF(x) where u(x) : ℜ + → ℜ is any continuous function may represented as the utility function. Let U 1 ⊂ U and u (x) > 0, U 2 ⊂ U 1 and u (x) < 0, and U 3 ⊂ U 2 and u (x) > 0 . Now define welfare dominance as
Stochastic dominance has also been applied in the field of pro-poor growth literature. The literature was developed mainly because of the criticism that growth rate of mean was viewed as the increment of welfare of the society. Ravallion et al [8] proposed Growth Incidence Curve (GIC) showing how the growth rate of a given quantile varies across quantiles ranked by income. Mathematically this can be written as GIC(p) = Δlog(y p t ). If GIC(p) ≥ 0 ∀ p and > 0 for at least one p, then the situation is refered as pro poor growth or GIC(p) 0. Based on second order stochastic dominance Son [9] proposed Poverty Growth Curve (PGC), PGC = Δlog(μ p t ), where μ p t is the mean of the poorest p percent of the population. The growth rate
We shall estimate GIC and the PGC curves to analyze the performance of different subgroups for two recent NSSO quinquennial rounds v.i.j 66 th and 61st respectively, and also for two different subgroups in the same round and sector e.g FHH vs MHH.
Tests for Stochastic Dominance
We consider Barret et al [2] Kolmogorov-Smirnov(KS) type of test statistics for testing Stochastic Dominance. The main difficulty with this tests lies in the construction of an appropriate rejection regions for conducting the tests for SD j for j larger than 1, e.g in the case of SD2 and SD3 will depend on the underlying distributions. The test statistics is based on the assumptions that both the CDF's used for the analysis are continuous and have a common support. They also assume the CDFs are calculated using independent random samples. Another assumption is that the number of samples in both distribution approaches to infinity the ratio of sample of one distribution to the total sample tends to a finite constant lying between 0 and 1. We apply here the KS1 and KS2 tests based on alternative approaches of simulation to compute the p values. While testing Stochastic dominance between two distributions F and G, one has to test whether F dominates G and also whether G dominates F. One can conclude F stochastically dominates G, for a certain order only when one can reject the null hypothesis G dominates F and fails to reject the null that F dominates G.
Scale Equivalence
In developing economies it is often noticed that larger households tends to be poorer. However, certain goods such as water taps, cooking utensils, fuels, etc can be shared in large households. There also might be other reasons since larger households usually purchases commodities in bulk and thus more likely to get some discount on these items. Thus at a same level of expenditure a larger household is able to achieve higher well being compared to that of smaller households. The issue would be important while comparing female headed and male headed households since female households are usually smaller in size. Table 1 also shows among all households mean household size for the female headed households is the lowest.
Following Dreze [6] we consider scale adjusted per-capita expenditure (y ) as follows
where θ is a parameter varying between 0 and 1, which captures the extent of scale economies. Clearly, when θ = 1 it implies no economies of scale and y implies per-capita expenditure. Considering θ = 0, y is equal to total household consumption; this can be thought of as a case where consumption entirely takes the form of 'public goods' which are shared within the household without any 'rivalry' (i.e., one person's consumption does not reduce anyone else's consumption). Intermediate values of θ between 0 and 1 correspond to gradually lower levels of scale economies. We consider five different economies of scale for the sake of simplicity θ = {1, 0.8, 0.6, 0.4, 0}.
Data
We have used household level consumer expenditure data of 61 st round (2004/2005) and household level consumer expenditure data of schedule type 1 data of 66 th round (2009) (2010) . Our benchmark of analysis is the monthly per-capita expenditure(MPCE) for the mixed recall period of 365 days. 2 We have transformed MPCE for all Households to the base year of 2009-2010 i.e for 66 th round using annual averages of Consumer Price Index (CPI) for agricultural labor for the rural India and that of Industrial worker for the urban India 3 . The procedure of using different price indices is similar to inflating poverty line which was the usual procedure practised by Government of India. 4 NSSO provides information on head of the households (as reported). We have divided the rural and urban population as Female Headed Households(FHH) and Male Headed Households(MHH). We have also divided the rural and Urban population on the basis of Social groups and considered the schedule Caste(SC) and Scheduled Tribe groups as the Backward Class(BC) group whereas the others as the general class group. 5 Sample size for the different subgroups are given in Table 1 . 6 Insert Table 1 here
Empirical Illustration
Considering the descriptive statistics in Table 1 we see that incidence of poverty has decreased for all the subgroups. The backward class is worse not only in terms of poverty incidence but also in terms of the mean income(see MPCE). Poverty incidence is higher for the MHH compared to FHH in rural India for both the rounds. However, in urban India poverty is usually higher among the FHH. Average household size is lowest for the female headed households. Thus economies of scale may play an important role whenever we compare MHH and FHH. Figure 1 shows the GIC for both rural and urban India lies above zero at all the quantiles (20 in this case) of the income distribution. This implies an evidence of first order stochastic dominance of 66th round over 61st round. Using same methodology of comparing different subgroups of population e.g female headed households, we see that backward class households of the recent 66 th round dominates that of 61st round in the first order sense for both rural and urban India. In Table 2 we calculate the p values of the test statistics KS1 and KS2 for testing stochastic dominance as suggested by Barret et al [2] , the first three columns tests whether 66 dominates 61 by first, second and third order stochastic dominance respectively, whereas the last three tests the converse. The statistical test also provides similar conclusions. The results are robust to choice of economies of scale parameter θ 7 .
66th round vs 61st round : Comparison for all India and different subgroups
Insert Figure 1 here 
General vs Backward class
Considering Figure 1 and Table 3 it shows clear evidence of first order dominance of gen class households (GEN) over the backward class (BW). KS tests also provides the same result.(see Table 3 )
Insert Table 2 here
Female Headed Households vs Male headed households
Considering, monthly per-capita expenditure (θ = 1) as the benchmark of the analysis, Figure 1 shows evidence of first order stochastic dominance of female headed households over the male headed households in both rural 66th and 61st round. However, considering the effects of economies of scale(θ < 1) situation is reversed. This is similar to the findings of Dreze [6] .
In Urban India for both the rounds GIC curves fails to provide any conclusive result, even after using the scale economies in the analysis. However, there is evidence of second order dominance of male headed households for all values of θ considered in this paper (see Figure 2) . The test statistics however supports dominance of MHH over the FHH. Conclusive results of poverty incidence in the urban India can be obtained using restricted stochastic dominance techniques where all income above median(approximate) of the combined distribution are censored. In the 61st round PGC curve provides a conclusive result in favor of male headed households.
Insert Table 3 here and Figure 3 here 
Conclusion
The main findings in the paper can be summarized as follows 1) The recent data of monthly per capita expenditure for rural and urban India provided by NSSO Quinquennial round 66 (2009-2010) shows evidence of strict first order stochastic dominance compared to the previous Quinquennial round 61 (2004) (2005) . Thus the results support poverty ordering criterion as suggested by Atkinson [1] and Foster et al [5] . The empirical evidence also suggests similar results for backward class and female headed households. Kolmogorov-Smirnov type of test for stochastic dominance suggested by Barret et al [2] also supports these results. The results are also robust to choice of economies of scale parameter values.
2) For both rural and urban India it is observed that the general caste dominates the backward caste in a strict first order sense.
3)Poverty among female headed households is lower in rural India when per-capita expenditure is considered. However, situation is reversed considering the scale economies. In Urban India Poverty is usually lower among male headed households. 
APPENDIX

